Recent surveys of dust continuum emission at sub-mm wavelengths have shown that filamentary molecular clouds are ubiquitous along the Galactic plane. These structures are inhomogeneous, with over-densities that are sometimes associated with infrared emission and active of star formation. To investigate the connection between filaments and star formation, requires an understanding of the processes that lead to the fragmentation of filaments and a determination of the physical properties of the over-densities (clumps). In this paper, we present a multi-wavelength study of five filamentary molecular clouds, containing several clumps in different evolutionary stages of star formation. We analyse the fragmentation of the filaments and derive the physical properties of their clumps. We find that the clumps in all filaments have a characteristic spacing consistent with the prediction of the 'sausage' instability theory, regardless of the complex morphology of the filaments or their evolutionary stage. We also find that most clumps have sufficient mass and density to form high-mass stars, supporting the idea that high-mass stars and clusters form within filaments.
INTRODUCTION
One striking result of recent dust continuum Galactic Plane surveys is the ubiquitous presence of filamentary structures (e. g., Apex Telescope Large Area Survey (ATLASGAL), Schuller et al. 2009; Bolocam, Nordhaus et al. 2008 ; Herschel infrared Galactic Plane Survey (HiGAL), Molinari et al. 2010) . Their study has recently gained momentum, allowing us to characterize their overall properties and to better understand their formation. (e.g., Teixeira et al. 2005; Myers 2009; André et al. 2010; Arzoumanian et al. 2011; Hernandez & Tan 2011; Myers 2011; Peretto et al. 2012) . Filamentary molecular clouds have high aspect ratios (typically larger than 3:1), are often infrared (IR) dark, and harbour overdensities or star-forming clumps along their length.
The processes that form clumps within filamentary molecular clouds are still not well understood. Theoretical work has shown that filaments can be subject to gravitational instabilities, and they should fragment into clumps which are located at a characteristic spacing, given by the wavelength of the fastest growing unstable mode (Chandrasekhar & Fermi 1953; Nagasawa 1987; Inutsuka & Miyama 1992; Nakamura et al. 1993; Tomisaka 1995) . Perturbations that are greater than the characteristic wave-E-mail: ycontreras@strw.leidenuniv.nl length will become rapidly unstable and clumps (over densities) will be formed within the filament. This preferred spacing depends on the intrinsic characteristics of the filament, the type of fluid (e.g., incompressible, isothermal) and on the shape and strength of any associated magnetic field. Fiege & Pudritz (2000) modelled the fragmentation of filamentary molecular clouds with a helical magnetic field. They found that filaments that are constrained by these types of magnetic fields are susceptible to both gravitationally driven instabilities and magneto-hydrodynamic (MHD) driven instabilities. One kind of MHD instability that predicts the formation of regularly spaced clumps in a filament is the fluid or 'sausage' instability. This mechanism has recently been invoked to explain the regular spacing observed in some filamentary molecular clouds (e.g., Jackson et al. 2010; Miettinen & Harju 2010; Wang et al. 2011) .
Once the filament fragments and clumps are formed, some of the clumps will evolve, collapse, and form stars. IR emission associated with some filaments show evidence for heated and shocked gas. Since these are often produced by embedded protostellar objects and are indicators of active star-formation, recent work has proposed that filaments may be important for the process of star formation (e.g. Schisano et al. 2014; Sanhueza et al. 2010) . Moreover, some studies have suggested that filaments can also enhance accretion rates on to individual star-forming cores by material flowing from the filament to the clumps, and thus potentially facilitating the formation of high mass stars (Banerjee & Pudritz 2008; Myers 2009 ). To determine whether filamentary molecular clouds and their clumps have the ability to harbour high-mass stars, we have undertaken a detailed study of their global physical properties and their potential to form high-mass stars.
In this paper we characterize the fragmentation within five filamentary clouds and determine the physical properties and star-formation potential of their embedded clumps. The overall properties of these filaments were previously reported by Contreras et al. (2013) (Paper I hereafter, see Table 1 ).
The five filaments are physically coherent structures in position-position-velocity space, shown via their molecular line emission from the low-density tracer 13 CO (3-2). They were selected as contiguous emission features in the ATLAS-GAL 870 µm dust continuum emission survey and named after their brightest embedded clump using their ATLAS-GAL catalogue denomination . For simplicity, hereafter we refer to each filament with a letter (A through E): 'A: AGAL337.922-0.456' (also known as the 'Nessie Nebula', Jackson et al. (2010) ). 'B: AGAL337.406-0.402', 'C: AGAL335.406-0.402', 'D: AGAL332.294-0.094', and 'E: AGAL332094-0421'.
The filaments are associated with varying degrees of IR emission identified using the Spitzer MIPS Inner Galactic Plane Survey (MIPSGAL; Carey et al. 2009 ) and in the Galactic Legacy Infrared Midplane Survey Extraodinaire (GLIMPSE; Benjamin et al. 2003) images. Indeed, it is often the case that within a single filament there can be regions that are IR dark, while others can be IR bright and clearly associated with active star formation (see Figures 1-5 ). Since the presence of IR emission is a signpost of star formation, the varying degree of star formation within these filaments will allow us to also investigate whether or not the separation between clumps change as the clumps evolve.
Moreover, these filaments have a lineal mass (mass per unit length) smaller than their critical mass (virial mass per unit length) suggesting that they are supported by an helical toroidal dominated magnetic field (Paper I). Thus, MHD driven instabilities, such as the 'sausage' instability, may be responsible for the formation of the clumps within these filaments.
Section 2 describes the dust continuum and molecular line observations made towards the filaments. Section 3 summarizes the physical properties of the embedded clumps. In Section 4 we discuss the star formation activity within the clumps determined from their IR and molecular line emission. In Section 5 we analyse the fragmentation of the filaments and discuss the potential of the clumps to form highmass stars.
2 THE DATA 2.1 ATLASGAL: 870 µm dust continuum emission
We used the ATLASGAL (Schuller et al. 2009 ) maps to measure the dust thermal emission at 870 µm towards each filament. The ATLASGAL survey was carried out using the Large Apex BPlometer CAmera (LABOCA) bolometer receiver (Siringo et al. 2009 ) mounted at Atacama Pathfinder EXperiment (APEX; Güsten et al. 2006) , located in the Llano de Chajnantor, Chile. At this frequency the APEX beam size is 19 .2. The uncertainty in flux is estimated to be lower than 15% (Schuller et al. 2009 ) and the pointing rms is ∼ 4". The 1 σ noise of the data is typically 50 mJy beam −1 .
MALT90: 90 GHz dense gas emission
We use data from the Millimetre Astronomy Legacy Team 90 GHz survey (MALT90; Foster et al. 2013; Jackson et al. 2013) to determine the dynamical state of the clumps and to derive the properties of the dense gas within the clumps. The MALT90 survey covered 80 of the 101 clumps within these filaments. Hereafter, we will refer to these clumps as MALT90 clumps. The MALT90 survey was conducted using the 8 GHz wide Mopra Spectrometer (MOPS) at the Mopra 22-m radio telescope, simultaneously mapping 16 spectral lines near 90 GHz (Table 2 ). The maps have an angular and spectral resolution of 38" and 0.11 km s −1 , respectively. The typical 1σ noise in the spectra is T * A ∼ 0.2 K per channel. The pointing is accurate to 8" and the system gain is repeatable to within 30% . The maps were reduced by the MALT90 team using an automated reduction pipeline. The reduced and calibrated data products are available to the community via Australian Telescope Online Archive, ATOA 1 . The transitions observed in this survey offer an excellent combination of optically thin and thick tracers and cover a broad range in critical densities and excitation temperatures. Table 2 summarises the lines included within the survey and their properties (excitation energy and critical density). For simplicity throughout the paper we will refer to each transition only by their molecular name, i.e., HCO + instead of HCO + (1-0). For each MALT90 clump we extract the line parameters determined via Gaussian profile fitting to the spectra reported in the MALT90 catalog (Rathborne et al, in prep) (velocity, vLSR; line width, ∆v; and peak antenna temperature, T * A ). Table 3 shows an example of some of the MALT90 data for the clumps embedded in filament A, the rest of the MALT90 data is available as an online table.
PROPERTIES OF THE EMBEDDED CLUMPS

Identification of the clumps
The 870 µm continuum emission was used to pinpoint the location of the clumps along each filament. Since this emission traces well both the IR bright and dark regions, it provides an homogenous method to determine the position of the clumps. The clumps were identified by searching the ATLASGAL compact source catalogue for all the clumps located within the more extended 870 µm continuum emission that defined each filament (see Paper I, for further details).
We found a total of 101 clumps within these five filaments. (Jackson et al. 2010) . The 870 µm ATLASGAL emission is overlaid as contours (2 to 10 σ). Black and yellow diamonds indicate the position of the clumps, identified from the ATLASGAL compact catalog 
Clump sizes, masses, and volume densities
The size, mass, and volume density of the clumps were derived from the observed molecular line and dust continuum emission. The size of a clump was defined as twice the effective radius listed in the ATLASGAL compact source catalogue . Using the kinematic distance to each filament (from Paper I, listed in Table 1 ), we obtained the physical size for each clump. The sizes range between 0.26 and 1.6 pc, with an average of ∼0.5 pc (see Table  4 ). The masses of the clumps, derived from their dust continuum emission, were determined using the relation (Hildebrand 1983),
where S870 is the flux density at 870 µm, obtained from the ATLASGAL compact source catalog, D is the kinematic distance to the source, R gd is the gas to dust mass ratio assumed as 100, κ870 is the dust absorption coefficient, B870 is the Plank function at 870 µm and T d is the dust temperature. We assumed a dust temperature based on the observed degrees of IR emission (see section 4.1) and assumed κ870 =1.85 cm 2 gr −1 , interpolated from Ossenkopf & Henning (1994) . With these assumptions we calculated the clump masses and found that they range from ∼20 to Figure 1 . This filament is an example of a more evolved structure with several clumps associated with bright infrared emission. Here, we can see that around the HII region clumps (bright region in this image) the clumps are closer, while the rest of the filament the clumps remain more evenly spaced. Table 4 ). Assuming the clumps have roughly spherical shapes, we compute the H2 volume density via n(H2) = 3M dust /4πr 3 , finding values ranging from 10 3 to 10 5 cm −3 (see Table 4 ).
M (see
The virial mass was calculated using the size of the clumps and the line width derived from the N2H + (1-0) emission. The optical depth of the N2H + (1-0) emission is usually 1, thus, this molecular line is suitable for determining the virial parameter (e.g. Sanhueza et al. 2012) . Optically thick lines would overestimate the virial mass. We found a total of 71 clumps for which there are MALT90 detections of N2H + . For these clumps, we use the line width obtained from the hyperfine structure fitting to compute their virial mass. The virial mass of a clump of radius r and line-width ∆v is given by, 
Mvir = 5r∆v
2 8ln(2)a1a2G ∼ 209 1 a1a2
where a1 is the correction for a power-law distribution given by a1 = 1−p/3 1−2p/5 , p < 2.5, and a2 is the correction for a non spherical shape (Bertoldi & McKee 1992) . To calculate a1 we use a power law density distribution of p = 1.8. We assume that the clumps in our sample have spherical shapes, therefore we used a2 = 1 for all clumps. With these assumptions, we found that the clumps have virial masses ranging from ∼50 to ∼1700 M (see Table 4 ).
EVIDENCE FOR STAR FORMATION WITHIN THE CLUMPS
Infrared signatures of star formation
To characterize the star formation activity within each clump, we used Spitzer 24 µm MIPSGAL and 3.6 -8 µm GLIMPSE surveys. Using these IR images we classified the clumps into four broad categories: 'pre-stellar' clumps, appearing dark at 3.6-8 µm, and 24 µm; 'proto-stellar' clumps, having a 24 µm point like emission that traces the dust heated by embedded proto-stars, or enhancement in the emission at 4.5 µm, indicative of the presence of shocked gas (often referred too in the literature as extended green objects, or 'green fuzzies', for their green appearance in a composite image where green is used to represent 4.5 µm emission); 'HII region' clumps, associated with bright, compact 8 and 24 µm emission; and 'PDRs clumps' showing extended and often diffuse 8 and 24 µm emission. These categories broadly describe the evolution of a clump since the IR emission associated within a clump will increase as their embedded stars form and heat their immediate surroundings. (Chambers et al. 2009; Jackson et al. 2013) . Using this scheme we categorized 31 of the clumps as 'pre-stellar' (30%), 30 as 'proto-stellar' (30%), 11 as 'HII region' clumps (11%), and 29 as PDRs (29%).
For each clump we assumed a dust temperature equal to the average temperature of it classification obtained by Guzman et al. (in press.) for a large sample of clumps located in the Galactic plane. Guzman et al. derived dust temperatures for all MALT90 clumps, by fitting their dust continuum emission using data from the Hi-GAL and AT-LASGAL surveys. The average dust temperatures are 17 K for 'pre-stellar' clumps, 19 K for 'proto-stellar' clumps, 24 K for clumps associated with 'HII regions', and 28 K for PDRs. Since, not all the clumps detected in the filaments have MALT90 observations, in this paper we use the average dust temperature derived for the relevant category in calculations for each of the individual clumps. Table 4 summarizes the properties of the IR emission detected towards each clump as well as their IR-based classification and assumed dust temperature.
We found that the amount of IR emission and the number of clumps assigned to each category differed between the filaments, suggesting that the filament span a range of evolutionary stages. In filaments A and C, most of the clumps are IR dark. In filament B, some of the clumps are dark and others are IR bright. In filaments D and E, most of the clumps are associated with 'HII regions' and PDRs. 
Molecular line signatures of star formation
Detection rates and evolutionary stage
An embedded proto-star influences the gas chemistry of its immediate surrounding as it forms and evolves. In the initial stages, a clump's interior will have low temperatures and high density, where molecules are stuck on the icy dust grains. As a proto-star evolves and starts heating its surrounding environment, molecules will be released into the gas phase and their emission will be detected. MALT90 observations were used to determine the molecular line detection rates towards the clumps and their relationship with their star formation activity. Figure 6 summarizes the detection rates for each molecule for the MALT90 clumps broken into their IR-based categories. We found that the number of molecular species detected increases from the clumps classified as 'pre-stellar' to the clumps associated with 'HII Regions' and PDRs, which reflects the increased complexity in the chemistry as the embedded proto-stars within these clumps form and evolve.
Of the four main dense gas tracers, emission was detected in HNC (above 3σ) towards all 80 MALT90 clumps, in N2H
+ towards 89%, in HCO + towards 73% and in HCN towards 69% of the MALT90 clumps. These molecules are typical tracers of high density gas and are detected over a broad range of gas temperatures and evolutionary stages (e.g., Sanhueza et al. 2012; Hoq et al. 2013) . We find that, in general, the morphology of the N2H + emission traces very well the clumps, while the HNC emission is more extended tracing well the overall morphology of the filaments.
The reactive radical ethynyl (C2H) has been detected in quite different environments such as those towards low-mass cores (Millar & Freeman 1984) , PDRs (Jansen et al. 1995) , high-mass star forming regions (Beuther et al. 2008 ) and infrared dark clouds (Sanhueza et al. 2012 (Sanhueza et al. , 2013 . For the MALT90 clumps, C2H was detected toward 30% of the 'prestellar' clumps, 28% of the 'proto-stellar' clumps, 80% of the 'HII region' clumps and in 68% of the PDRs. We find that the morphology of the C2H emission matched well the morphology of the HNC and N2H
+ emission towards the 'prestellar' and 'proto-stellar' clumps. In contrast, however, the C2H emission associated with the PDR clumps appears to more closely follow the extended, diffuse background emission.
Emission from the isotopologues HN 13 C , H 13 CO + and 13 CS was detected predominantly towards the 'proto-stellar' clumps and 'HII region' clumps, H 13 CO + being the most frequently detected isotopologue. SiO was detected toward six clumps: two 'proto-stellar', two 'HII region' clumps, and two PDRs. SiO is usually associated with outflows, because the Si atoms are released from dust into the gas phase by shocks produced by outflows from newly formed stars. Since the presence of enhanced 4.5 µm emission (relative to 3 and 8 µm) may also arise from shocked gas, one might expect a tight correlation between those clumps with extended 4.5 µm emission and the presence of SiO. We found that about 10% of the 4.5 µm bright clumps have detected SiO emission. This low detection rate of SiO towards these clumps may reflect the MALT90 sensitivity limit, the differences in the angular resolution of the two data sets (the MALT90 data will be significantly beam diluted), or it may indicate that the proto-stars in these clumps are in an early evolutionary stage, and they have not yet evolved to produce outflows that sufficiently excite the SiO.
Less frequently detected was the emission from "hot core chemistry" molecules such as HC3N (16%), CH3CN (4%) and HNCO(4%). HC3N was detected in 9% of the 'pre-stellar' clumps, 8% of the 'proto-stellar' clumps, 30% of the 'HII region' clumps and 27% of the PDRs. As expected, we find that the detection rate for these more complex molecules increases towards the more evolved clumps. CH3CN and HNCO were only detected towards four clumps, all of these clumps were classified as 'proto-stellar'. No emission was detected in the HNCO (JK a ,K b =41,3-31,2), HC 13 CCN, 13 C 34 S and H41α lines toward any of the 80 MALT90 clumps.
DISCUSSION
The fragmentation of filaments via the 'sausage' instability
The process leading to the formation of clumps in filaments is yet to be understood, but theoretical work shows that fil- a We used here the mean value of the N 2 H + emission, since the 13 CO(3-2) observations toward this filament don't cover their full extent (see Paper I for more details).
aments can fragment due to gravitational and MHD driven instabilities (Fiege & Pudritz 2000; Chandrasekhar & Fermi 1953; Nagasawa 1987; Inutsuka & Miyama 1992; Nakamura et al. 1993; Tomisaka 1995) . Because the selected filaments are consistent with being confined by a helicoidal, toroidaldominated magnetic field (see Paper I), we consider the fragmentation of these filaments in the framework of the MHD instabilities within filaments that are also confined by such magnetic fields. In particular, our goal is to determine whether or not the 'sausage' MHD instability is able to accurately describe the observed spacing between the clumps within each of the filaments. The selected filaments can be represented by an isothermal finite cylinder with an helicoidal magnetic field. In this case, Nakamura et al. (1993) predicted a preferred spacing given by,
where γ = B 2 c /(8πρcc 2 s ), cs is the sound speed, Bc is the magnetic field strength, ρc is the central density of the filament, and H is the scale of height, given by,
where G is the gravitational constant. Thus, when magnetic fields are considered, the expected spacing between the clumps is predicted to be smaller than the pure nonmagnetic case.
Because the observed line-widths of the molecular tracers detected towards these filaments show that the turbulent pressure dominates over the thermal pressure, the sound speed cs in Equation 4 should be replaced by the velocity dispersion σ (Fiege & Pudritz 2000) of the gas in the filament, hence:
where γ = B 2 c /(8πρcσ 2 ). If γ = 0, thus λs,0 = 21.8H ef f,0 with H ef f,0 = σ(4πGρc) −1/2 . The central densities of the filaments were estimated from the fit to the 870 µm dust continuum emission, as described in Paper I assuming an intensity profile given by (Arzoumanian et al. 2011) ,
where I(r) is the dust continuum emission intensity profile; p is an index that gives an indirect measurement of the magnetic field support over the filament (in the non-magnetic case p = 4; Ostriker (1964); and p < 3 if the filament is magnetically supported, Fiege & Pudritz (2000) ); Ap is a constant given by Ap = ∞ ∞ du/(1 + u 2 ) p/2 for p>1, which is equal to π/2 for the non-magnetic case; R f lat is the radius of an inner flat region, which in the non-magnetic case corresponds to the thermal Jeans length at the centre of the filament; k λ is the dust opacity; B λ is the Planck function; T dust is the average dust temperature of the filament, assumed to be 20 K; and d is the distance to the filament. The values of ρc, R f lat , p, and H ef f,0 for these filaments are summarized in Table 1 .
Using the ATLASGAL maps we measured the separation between a clump and its nearest neighbour clump. Because the velocity gradient in the filaments is small, we assume that the filaments are perpendicular to the line of sight when calculating the observed spacing.
The average value of the observed spacings, λ obs , between the clumps range from 1.0 to 3.2 (see Table 1 ). To measure how periodic is the location of the clump within the filament, the error in the observed spacing was calculated by taking the standard deviation between the separation of consecutive clumps and the average observed spacing. Filament B has weak dust 870 µm dust continuum emission towards its centre, creating two sections within this filament. If we treat each section independently (B1 and B2, in Table 1) , then the clump observed spacing in each section is more periodic (the associated error in each section is smaller).
The theoretical spacing predicted for each filament assuming γ = 0, λs,0, range between 1.9 and 3.4 pc (see Ta-ble 1 ). In general λs,0 is slightly higher than the observed spacings in all the filaments. This discrepancy could be attributed to the presence of magnetic fields. We find that to explain the observed spacing, the 'sausage' instability theory requires magnetic fields ranging between ∼110 and 580 µG.
Regardless of their complex morphology or evolutionary stage, we found that for all filaments the predicted spacing given by the 'sausage' instability theory and the observed spacing matches well for the case of a helical magnetic field with strength of hundreds µG. This suggests that this mechanism could work not only for 'ideal' filaments such as 'Nessie' but also for filaments that have more complex morphologies. The average spacing of the more evolved filaments is also similar to the predicted initial spacing given by this theory. This would imply then, that if the clumps are formed via this mechanism, as they evolve into HII regions and PDRs and disrupt their environment, the average spacing along the whole filament is not significantly affected over time. This means that we can trace the fragmentation of the filaments, even if they are evolved, by observing their sub-millimetre continuum emission.
Star formation within the filaments
From the observed IR emission detected towards the clumps, we were able to estimate the overall star formation activity within the filaments. Filaments A, B and C have a higher number of clumps in the 'pre-stellar' phase, while filaments E and D contain a relatively higher number of clumps in more evolved evolutionary stages (i.e., 'HII region' clumps and PDRs). In this section we discuss the virial state of the clumps embedded and their potential to form high-mass stars.
Are the clumps gravitationally bound?
To determine whether the clumps are gravitationally bound, we calculated the virial parameter α (ratio between the virial and dust mass) for those clumps with molecular line information. The parameter α is commonly used to determine if a clump is stable against collapse. If α > 1 the clump contains enough kinetic energy to expand unless it is confined by an external mechanism. A value of α < 1 indicates that the kinetic energy is not enough to support the clump against gravitational collapse (Kauffmann et al. 2013) .
We find that 83% of MALT90 clumps have values of α 1 and are unstable to gravitational collapse, if magnetic fields are ignored. Figure 7 shows the values of the virial parameter for all the clumps colour coded by their IRbased categories. Most of the 'pre-stellar' and 'proto-stellar' clumps have virial parameter with values < 1, suggesting that there are gravitationally bound and likely to collapse. This is supported with the fact that 'proto-stellar' clumps are currently forming stars, and thus are likely collapsing. Only one 'pre-stellar' clump and two 'proto-stellar' clumps have values of α 1, thus, they might correspond to transient clumps. We find that all the 'HII region' clumps also have 'virial parameter' lower than 1, suggesting that their recently formed proto-star has not yet significantly affected the clump dynamics. The PDRs have virial parameters that have a wider range in values, which is also expected for these late evolutionary stages where the expansion of the clumps is expected due to the UV radiation and stellar winds from the newly formed high-mass stars.
Will the clumps form high-mass stars?
The total mass of the clumps in each filament, are 1.3 × 10 4 , 1.1 × 10 4 , 1.5 × 10 4 , 1.3 × 10 4 and 6.2 × 10 3 M for filaments A, B, C, D and E respectively. To determine the potential of these clumps to form high-mass stars (>8 M ), we conservatively assumed that 30% of the mass of the clumps will form cores, and that only 10% of the mass in the cores will eventually be converted into stars. Given a typical initial mass function (IMF; e.g. Salpeter 1955), we determined that all the filaments will have enough material to form more than one star with a mass > 8 M .
While it appears that the clumps have sufficient mass to form at least one high-mass star, we must also consider their sizes and volume densities. Figure 8 shows the mass versus radius plot for all the 101 clumps embedded in the five filaments. We compare the mass and sizes of our clumps with the limits established by Kauffmann et al. (2010) for clumps devoid of high-mass star formation, which follow the relationship M (r) 870M (r/pc) 1.33 . We find that 98% of the clumps lie above the threshold for clump devoid of highmass stars. This provide additional support to the idea that these clumps will harbour high-mass stars.
SUMMARY
Using data from the ATLASGAL, Spitzer, and MALT90 surveys we characterized the physical properties, chemistry, kinematics, and star formation activity of 101 clumps embedded in five filamentary molecular clouds. We find that each filament harbour several clumps, covering a wide range of masses from hundred to thousands solar masses.
We studied the emission of dense gas tracers towards 80 clumps using MALT90 data. We find that the number of lines detected towards the clumps increases with the amount of associated IR emission and, hence, active star formation. Emission in the HNC line was detected towards all 80 clumps. N2H
+ , HCO + , HCN and C2H were detected toward 89%, 73%, 69% and 46% of the clumps, respectively. For clumps with classified as 'pre-stellar' and 'proto-stellar', the morphology of the C2H emission is similar to that of the dust emission and other molecules. For clumps classified as PDR, C2H traced well the morphology observed in the PDRs. The isotopologues HN 13 C, H 13 CO + , and 13 CS were detected more frequently towards 'proto-stellar' clumps, 'HII region' clumps and PDRs than 'pre-stellar' clumps. SiO emission was detected towards ∼ 10% of the MALT90 clumps and less frequently detected was emission from the "hot core chemistry" molecules.
Assuming that the filaments are isothermal finite cylinders supported by a helicoidal magnetic field, we find that the observed separation of the clumps can be explained via the 'sausage' instability theory for magnetic field in the range from ∼110 to 580 µG. Moreover, we found that regardless of the morphology and evolutionary stage exhibited by the filaments, by following the dust continuum emission we can still trace the underlying structure within the filament. The derived virial parameter for the clumps reveals that they are typically gravitationally bound. Given the clump masses and assuming a typical IMF, we found that every filament host a clump that is likely to form at least one high-mass star. We also analysed the mass versus radius relationship of the clumps, finding that most of the clumps are likely to form high-mass stars. This result further supports the idea that filaments are the birthplaces of high-mass stars and their associated clusters. Table 4 . Summary of the properties of the clumps embedded within the filaments. Column 1 and 2 list the IDs given to the clumps and their ATLASGAL name respectively. Column 3 lists the signatures detected in the infrared images. Column 4 lists the IR-based category assigned to each clump (for more details see section 4.1). Column 5 lists IRAS sources that are located within 30" from the clump. Column 6 lists the size of the clumps. Column 7 lists the assumed dust temperatures. Column 8 lists the mass derived from the dust emission. Column 9 lists the virial mass derived from the N 2 H + line-width. Column 10 lists the ratio between the virial and dust mass and Column 10 lists the volume density. 
